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(54) Productionprocessesforbasicwater-absorbingagent 



(57) The present invention provides: a production 
process for a basic water-absorbent resin to be a main 
component of a water-absorbing agent which exhibits 
an excellent water absorption capacity under a load with 
high productivity; a production process for a water-ab- 
sorbing agent; and use thereof. The production process 
for an irregular shape basic water-absorbent resin com- 
prises the step of reacting a basic resin and a crosslink- 
ing agent in order to obtain the basic water-absorbent 
resin, with the process forwarding a crosslinking reac- 



tion and pulverizing the resultant product at the same 
time. The first production process for a water-absorbing 
agent comprises the step of blending an acidic water- 
absorbent resin with the basic water-absorbent resin ob- 
tained by the above-mentioned process. The second 
production process for a water-absorbing agent com- 
prises the step of obtaining a mixture of an acidic water- 
absorbent resin and the basic water-absorbent resin by 
coexisting with the acidic water-absorbent resin when 
carrying out the crosslinking reaction and the pulveriza- 
tionintheabove-mentionedprocess. 
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Description wise qualities could not but be unstable. Particularly, if 

the hydrogel was pulverized mechanically after forming 

BACKGROUNDOFTHEINVENTION the lump gel once, networks once formed by cross I ink- 

ing had to be cut. Then, there were problems such that 

A. TECHNICALFIELD 5 an extractabie content increased, a crosslinked struc- 

ture did not become uniform, and much energy was re- 
[0001] The present invention relates to production quired in order to pulverize the gel. Furthermore, EP 
processes for a basic water-absorbent resin and a wa- 949290A2 proposes a method which comprises carry- 
ter-absorbingagent,andusethereof. ing out a crosslinking reaction of a basic resin in a sus- 

[0002] More particularly, the present invention relates 10 pension state. However, an organic solvent is used in 
to a production process for a water-absorbing agent the method. Therefore, the equipment therefor not only 
which exhibits a greatly enhanced water absorption ca- becomes large but also has low productivity because 
pacity undera load, and a production process fora basic the method needs a step of removing the organic sol- 
water-absorbent resin that is a main component thereof. vent. 

15 

B. BACKGROUNDAR T SUMMARYOFTHEINVENTION 



[0003] In recent years, so-called water-absorbent res- 
ins are widely used as constituent materials of sanitary 
materials, such as disposable diapers, sanitary napkins, 20 
and so-called incontinent pads, for the purpose of caus- 
ingthewater-absorbentresinstoabsorbbodyfluids. 
[0004] Known examples of the above water-absorb- 
ent resins include: crossiinked products of partially neu- 
tralized polyacrylic acids; hydrolyzed products of starch- 25 
acrylic acid graft polymers; saponified products of vinyl 
acetate-acrylic acid ester copolymers; and hydrolyzed 
products of acrylonitrile- or acryiamide copolymers, and 
theircrosslinkedproducts. 

[0005] However, almost all of these conventionally 30 
known water-absorbent resins are products by neutral- 
izing their acid groups of acidic water-absorbent resins 
with compounds of alkaline metals. Therefore, in the 
case where the surface neighborhood of particles of the 
resins is not secondarily crosslinked, their absorption 35 
capacity under a load for a physiological salt solution is 
below 10 g/g, and further, even if the surface neighbor- 
hood of particles of the resins is secondarily crosslinked, 
their absorption capacity under a load for artificial urine 
is merely 30 g/g at the highest. Thus, it is desired to de- *o 
velop a novel water-absorbing agent which can absorb 
much water to swell therewith even under loaded con- 
ditions. 

[0006] To solve such problems, WO 96/15180, WO 
96/17681, WO 98/24832, WO 98/37149, WO 99/34841, 45 
WO 99/34842, WO 99/34843, WO 99/25393, and WO 
99/30751 propose water-absorbing agents which com- 
prise an acidic water-absorbent resin and a basic water- 
absorbent resin. However, in the methods described in 
these patents, the basic water-absorbent resin to be a so 
main component of the water-absorbing agents was pul- 
verized once after being in a lump gel state, and blended 
with the acidic water-absorbent resin further after ad- 
justing the particle size of the basic water-absorbent res- 
in to the most suitable size if necessary. Therefore, in 55 
large scale production, very large lump gel has to be 
treated, and the equipment therefor not only becomes 
large but also has low productivity. In addition, batch- 



A.OBJECTSOFTHEINVENTION 

[0007] The present invention was completed in con- 
sideration of the above-mentioned conventional prob- 
lems. An object of the present invention is to provide a 
production process for a basic water-absorbent resin to 
be a main component of a water-absorbing agent which 
exhibits an excellent water absorption capacity under a 
load, 1) preferably with one step, 2) with a small equip- 
ment, 3) inexpensively, 4) in high quality stably, and 5) 
with high productivity. In addition, another object of the 
present invention is to provide a production process for 
a water-absorbing agent which exhibits an excellent wa- 
ter absorption capacity under a load, 1) with a small 
equipment, 2) inexpensively, 3) in high quality stably, 
and 4) with high productivity. Furthermore, if the water- 
absorbing agent obtained by the process according to 
the present invention is used as a constituent material 
of absorbent articles such as diapers, the leakage can 
be remarkably decreased and theirsurfaces can be kept 
in a rustling dry state, even in the case of a long-term 
use. In addition, a water-absorbing agent obtained by 
the process according to the present invention can be 
used for a constituent material of odor control articles 
that are excellent in an effect of neutralizing smell such 
asammonia.acetaldehydeandmercaptan. 

B.DISCLOSUREOFTHEINVENTION 

[0008] The present inventors diligently studied novel 
production processes for a basic water-absorbent resin 
and a water-absorbing agent that can attain the above- 
mentioned objects. As a result, they completed the 
presentinvention. 

[0009] That is to say, a production process for a basic 
water-absorbent resin, according to the present inven- 
tion, comprises the step of reacting a basic resin and a 
crosslinking agent in order to obtain the basic water-ab- 
sorbent resin, with the process being characterized by 
forwarding a crosslinking reaction and pulverizing the 
resultant product (the resultant crosslinked mixture) at 
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thesametime. 

[0010] A production process for a water-absorbing 
agent, according to the present invention, comprises the 
step of blending an acidic water-absorbent resin with the 
basic water-absorbent resin obtained by the above- 5 
mentioned process. 

[0011] Another production process for a water-ab- 
sorbing agent, according to the present invention, com- 
prises the step of obtaining a mixture of an acidic water- 
absorbent resin and the basic water-absorbent resin by to 
coexisting with the acidic water-absorbent resin when 
carrying out the crosslinking reaction and the pulveriza- 
tionintheabove-mentionedprocess. 
[0012] These and other objects and the advantages 
of the present invention will be more fully apparent from is 
thefoilowingdetaiieddisclosure. 

DETAILEDDESCRIPTIONOFTHEINVENTION 

[0013] Hereinafter, the present invention is explained 20 
indetail. 

[0014] In the present invention, the basic water-ab- 
sorbent resin is a basic water-absorbent resin which ex- 
hibits basicity in pure water and is crosslinked to such 
an extent that it can absorb pure water to swell there- 25 
with. In the present invention, the basic water-absorbent 
resin which exhibits basicity in water, for example, ex- 
hibits a pH of more than 8 in pure water preferably and 
a water absorption capacity of not less than 1 g/g for 
pure water preferably. Examples of the basic water-ab- 30 
sorbent resin, showing the above properly values, in- 
clude basic resins that contain basic groups (of which 
50 to 1 00 mol %, more preferably 70 to 1 00 mol %, most 
preferably 90 to 100 mol %, are present in the unneu- 
tralized (free) basic form) and are crosslinked slightly to 35 
such an extent that they can be water-insoluble. In the 
present invention, more preferably usable examples of 
the basic water-absorbent resin include amino-group- 
containing basic resins containing a primary to tertiary 
amino group (amine group) in which 50 to 1 00 moi % of *° 
the amino group (amine group) are present in the un- 
neutralized (free) basic form, and which are crosslinked 
slightly to such an extent that they can be water-insolu- 
bie. 

[0015] In the present invention, examples of the basic 45 
resin as used include a hydrophilic basic resin that is not 
crosslinked, wherein the resin is substantially water-sol- 
uble or water-dispersible in a state before crosslinked. 
Examples of such the hydrophilic basic resin that are 
not crosslinked include: straight-chain-having poly- so 
alkyleneamine, branchedchain-having polyalkyleneam- 
ine, polyvinylamine, polyallylamine, poly(N-vinylimida- 
zole), polyvinylpyridine, poly(vinylpyridineamine oxide), 
polydiallylamtne, polyamidepolyamine, poly(dimethyl- 
aminoalkyl acrylate), poly(dimethylaminoalkyl methacr- 55 
ylate), polydimethylaminoalkylacrylamide, polydimeth- 
ylaminoalkylmethacrylamide, polyamidine, poly(hydra- 
zineacrylic acid), asparagic acid-hexamethylenedi- 



amine polycondensation products; basic polyamino ac- 
ids (e.g. polylysine); basic resins derived from natural 
products (e.g. Chitosan); and copolymers of these pol- 
ymers. These need to be changeable into basic water- 
absorbent resins by crosslinking reactions. The basic 
resin is preferably the amino-group-containing basic 
resin; more preferably, at least one member selected 
from the group consisting of polyethylenimine, polyal- 
lylamine, polyvinylamine, poiydiallylamine, and poly- 
diallyldimethylamine, and containing a basic group in 
which 90 to 100 mol % of the unneutralized (free) basic 
groups are present in the free basic form; and most pref- 
erably, at least one member selected from the group 
consisting of polyethylenimine, polyallylamine and pol- 
yvinylamine. In addition, the average molecular weight 
of the basic resin before crosslinking is preferably in the 
rangeofaboutl ,000toabout1 0,000,000. 
[001 6] The basic water-absorbent resin in the present 
invention, can be obtained by crosslinking the corre- 
sponding basic resin with a crosslinking agent having at 
least two groups that are reactable upon a functional 
group (e.g. amino group (amine group)) of the basic res- 
in and capable of forming a covalent bond. When the 
above functional group is an amino group (amine 
group), usable examples of the crosslinking agent in- 
clude compounds that are conventionally used and 
have per molecule at least two groups, such as epoxy 
groups, aldehyde groups, alkyl halide groups, isocy- 
anate groups, carboxy! groups, acid anhydride groups, 
acid halide groups, ester bonding moieties and active 
double bonds. Examples of such a crosslinking agent 
include: bisepoxy compounds; epichlorohydrin; dihali- 
des (e.g. dibromoethylene); formalin; dialdehyde com- 
pounds (e.g. glyoxal); diglycidyl ethers of (poly)ethylene 
glycols, diglycidyl ethers of (poly)propylene glycols, dig- 
lycidyl ethers of dihydric alcohols (e.g. neopentyl alco- 
hol), polyglycidyl ethers of glycerol; a, p-unsaturated 
carboxylic acid esters (e.g. methyl acrylate and ethyl 
acrylate); di-a, (Junsaturated carbonyl compounds (e.g. 
methylenebisacrylamide); and a, co-alkylenediisocy- 
anate, but there is no limitation thereto. The kind and 
the amount of the crosslinking agent are selected in view 
of factors such as water absorption capacity or strength 
of the resultant basic water-absorbent resin, but, when 
the basic resin is the amino-group-containing basic res- 
in, the amount thereof is preferably in the range of 0.001 
to 20 mo! % of the amine unit of the polymer. In the case 
where the amount of the crosslinking agent is smaller 
than 0.001 mol %, the water absorption capacity of the 
resultant basic water-absorbent resin is low, and further, 
its strength is insufficient. In the case where the amount 
is more than 20 mol %, the water absorption capacity 
mightbeverylow. 

[0017] The production process for a basic water-ab- 
sorbent resin, according to the present invention, is 
characterized by comprising the step of giving shear 
stress to a basic resin and a crosslinking agent in order 
to forward a crosslinking reaction and to pulverize the 
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resultant crosslinked mixture at the same time. In the 
present invention, the pulverization means that ge! 
formed by crosslinking is broken finely to such an extent 
that the resultant gel particle has fluidity. The basic resin 
and the crosslinking agent come into contact and the 
basic resin is crosslinked with the crosslinking agent, by 
giving shear stress to the basic resin and the crosslink- 
ing agent. Then, the shear stress is further given. There- 
by, a uniform crosslinking structure is introduced into the 
gel basic water-absorbent resin as obtained while for- 
warding the crosslinking reaction, and the gel is broken 
particu lately. The crosslinking density distribution in the 
respective produced basic water-absorbent resin be- 
comes more uniform by forwarding the crosslinking re- 
action and pulverizing the resultant crosslinked mixture 
at the same time. As a result, basic water-absorbent res- 
in particles being characterized by having uniform par- 
ticle size, exhibiting an excellent water absorption ca- 
pacity, and having little extractable content, can be pro- 
duced with high productivity. These characteristics can- 
not be not accomplished by a conventional method 
which comprises the steps of forming lump gel, and pul- 
verizing the gel thereafter. The most suitable basic wa- 
ter-absorbent resin used for the water-absorbing agent 
according to the present invention, can be obtained by 
forwarding the crosslinking reaction and pulverizing the 
resultant crosslinked mixture at the same time. The ba- 
sic resin and the crosslinking agent may be supplied re- 
spectively in a diluted solution state or in a solution state 
without dilution, before forwarding the crosslinking re- 
action and pulverizing the resultant crosslinked mixture 
atthesametime. 

[0018] In the present invention, the basic resin and 
the crosslinking agent may be supplied respectively af- 
ter blending them beforehand in a solution state or in a 
liquid state. When they are blended in the solution state, 
an aqueous solution is preferably used as a solvating 
medium. The concentration of the entirety of the basic 
resin and the crosslinking agent in a blended state is 
preferably not less than 40 weight %, more preferably 
not less than 80 weight %. The most preferable embod- 
iment in order to control suitable crosslinking density 
distribution and particle, is that both are blended before- 
hand in a solution state without dilution. It is more pref- 
erable that both are blended beforehand in as high con- 
centration state as possible (for example, in a solution 
state without dilution), because the basic water.-absorb- 
ent resin having uniform crosslinking density distribution 
can be obtained with high productivity. When blending 
both, blenders need not particularly be used if both 
come into contact under the condition that a turbulent 
flow is generated. In addition, both may be blended in a 
vessel mentioned below. It is preferable that both are 
blended in pipe fluid blenders such as line mills 
equipped with a machine that generates a turbulent flow 
positively. Examples of the pipe fluid blenders include 
conventional instruments such as static pipe blending 
instruments and blending instruments equipped with liq- 



uid shear mechanism. Examples of the static pipe 
blending instruments include Noritake static mixer 
(made by Noritake Company Ltd.), Sulzer mixer (made 
by Sumitomo Heavy Machine Co., Ltd.), Toray static 
5 pipe blender (Toray Industries Inc.), Square mixer 
(Sakura Seisakusho Co., Ltd.) and TK-ROSS-LPD mix- 
er (Tokusyu Kika Kogyo Co., Ltd.). Examples of the 
blending instruments equipped with liquid shear mech- 
anismincludeahomomixerandahomogenizer. 
io [0019] In the present invention, the basic resin and 
the crosslinking agent are given shear stress, and con- 
verted to the basic water-absorbent resin according to 
the present invention by forwarding the crosslinking re- 
action and pulverizing the resultant crosslinked mixture 
15 at the same time. Furthermore, in another embodiment, 
the basic resin and the crosslinking agent are 
crosslinked in a vessel by giving shear stress and the 
pulverization is carried out at the same time, and further, 
the basic water-absorbent resin according to the 
20 present invention is produced by exhausting the result- 
ant crosslinked mixture from the vessel discontinuously. 
In yet another embodiment, the basic resin and the 
crosslinking agent are supplied into a vessel equipped 
with a rotary stirring shaft continuously, then crosslinked 
25 in a vessel by giving shear stress from the rotary stirring 
shaft and the pulverization is carried out at the same 
time, and further, the basic water-absorbent resin ac- 
cording to the present invention is produced by exhaust- 
ing the resultant crosslinked mixture from the vessel 
so continuously. Examples of the reaction vessel, which 
enables to forward the crosslinking reaction and carry 
out the pulverization, include conventional vessels such 
as cylinder type blenders, turbulizers, nauta blenders, 
V-character-shaped blenders, paddle dryers, extruders, 
35 double-arm type kneaders, banbery mixers, screw type 
blenders, universal blenders, twin-screw extruders, ro- 
tary blenders, and roll mixers. Examples of the reaction 
vessel, which enables to forwarding the crosslinking re- 
action of the basic resin and the crosslinking agent by 
40 giving shear stress and pulverizing the resultant 
crosslinked mixture at the same time; and further ex- 
hausting the resultant reaction mixture from the vessel 
discontinuously, include cylinder type blenders, nauta 
blenders, V-character-shaped blenders, double-arm 
45 type kneaders, banbery mixers, and universal blenders. 
The double-arm type kneaders is preferable. Examples 
of the reaction vessel, which enables to supplying the 
basic resin and the crosslinking agent into the vessel 
equipped with a rotary stirring shaft continuously; for- 
so warding the crosslinking reaction by giving shear stress 
from the rotary stirring shaft and pulverizing the resultant 
crosslinked mixture at the same time; and further ex- 
hausting the resultant reaction mixture from the vessel 
continuously, include KRC Kneader, turbulizers, paddle 
55 dryers, extruders, screw type blenders, twin-screw ex- 
truders, and continuous kneaders. In addition, the tem- 
perature and reaction time of the crosslinking reaction 
is dependent upon combinations of the basic resin and 
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the crosslinking agent as used. However, the tempera- 
ture is in the range of room temperature to 1 50 °C, and 
the reaction time is in the range of a few seconds to a 
few hours generally. It is preferable that the temperature 
is in the range of room 50 to 120 °C and the reaction 
time is in the range of a few seconds to one hour. It is 
preferable that the crosslinking reaction is stopped in 
the vessel within the holding time especially in case of 
carrying out procedures continuously, it is preferable to 
select a condition that the reaction is carried out at 50 
to 120 °C and stopped for a few seconds to 50 minutes, 
in order to make the vessel compact. In addition, the 
reaction may be carried out under reduced, ordinary or 
compressed pressure. Furthermore, in case of using an 
aqueous solution as the solvent, the reaction can be car- 
ried out with removing the aqueous solution at the same 
tine, while forwarding the crosslinking reaction and car- 
ryingoutthepulverizationatthesametime. 
[0020] In the present invention, the basic water-ab- 
sorbent resin as obtained like this, can be converted to 
a desired basic water-absorbent resin by way of further 
a process for adjusting the particle size, or (a process 
for washing by water and/or a process for drying) if nec- 
essary. In addition, pulverized extent and particle size 
of the basic water-absorbent resin as obtained can be 
controlled by controlling the rotational speed of the ro- 
tarystirringshaftandtheshapeofthestirringpaddie. 
[0021] For example, the basic water-absorbent resin 
as obtained like this, according to the present invention, 
is irregular shape, and at least 80 weight % of the basic 
water-absorbent resin particles have a particle size of 
10 to 1000 u.m. The basic water-absorbent resin has a 
water extractable content of less than 10 weight %, and 
a water absorption capacity of 1 to 100 g/g. The basic 
water-absorbent resin as obtained like this, according 
to the present invention, is converted to the water-ab- 
sorbing agent being excellent in water absorption ca- 
pacity under a load, according to the present invention, 
by further blending the acidic water-absorbent resin. 
Particularly, it is preferable to control the water extract- 
able content of the basic water-absorbent resin to be 
less than 5 weight %, the average particle size to be in 
the range of 100 to 850 u.m (preferably 200 to 300 u.m), 
and the water absorption capacity to be in the range of 
5 to 20 g/g, in order that the basic water-absorbent resin 
can be blended with the acidic water-absorbent resin 
and then the resultant mixture can be used as the water- 
absorbingagent. 

[0022] In the present invention, the acidic water-ab- 
sorbent resin is a water-absorbent resin which exhibits 
acidity in pure water and is crosslinked to such an extent 
that it can absorb pure water to swell therewith. In the 
present invention, the acidic water-absorbent resin, for 
example, exhibits a pH of less than 6 in pure water pref- 
erably and a water absorption capacity of preferably not 
less than 1 g/g (more preferably not less than 10g/g). 
Examples of the acidic water-absorbent resin, showing 
the above property values, include acidic resins that 



contain acid groups (of which 50 to 100 mol %, more 
preferably 70 to 100 mol %, most preferably 90 to 100 
mo! %, are present in the unneutralized (free) acid form) 
and are crosslinked slightly to such an extent that they 

5 can be water-insoluble. In the present invention, more 
preferably usable examples of the acidic water-absorb- 
ent resin include acidic water-absorbent resins that con- 
tain at least one acid group selected from the group con- 
sisting of carboxylic acid groups, sulfonic acid groups, 

10 and phosphoric acid groups. In the present invention, 
the acidic water-absorbent resin, for example, can be 
obtained by conventional processes, such as a) a proc- 
ess comprising the step of polymerizing an acid-group- 
containing polymerizabie monomer in the presence of a 

15 copoiymerizable crosslinking agent, and b) a process 
comprising the step of post-crosslinking an acid-group- 
containing polymer resultant from the polymerization of 
the acid -group-containing polymerizabie monomer. In 
addition, the acidic water-absorbent resin, usable in the 

20 present invention, may be a crosslinked polypeptide, 
such as a crosslinked product of polyaspartic or poly- 
glutamic acid, or an acid water-swellable crosslinked 
polymer, as derived from a natural product, such as 
crosslinkedcarboxymethylcellulose. 

25 [0023] The post-crosslinking treatment of the acid- 
group-containing polymer, for example, can be 
achieved by processes to introduce a crosslinked struc- 
ture into the polymer, such as I) a process involving heat 
treatment, II) a process involving the irradiation of radi- 

30 ations such as electron beams and gamma rays, III) a 
process involving the use of a compound having, per 
molecule, at least two functional groups reactable upon 
a functional group of the acid-group-containing polymer, 
such as polyethylene glycol diglycidyl ether, glycerol 

35 diglycidyl ether, ethylene glycol, polyethylene glycol, 
propylene glycol, glycerol, pentaerythritol, ethylenedi- 
amine,polyethylenimine,andethylenecarbonate. 
[0024] In the present invention, an example of more 
preferably usable production processes for the acidic 

40 water-absorbent resin is the above process a) compris- 
ing the step of polymerizing an acid-group-containing 
polymerizabie monomer in the presence of a copoiym- 
erizable crosslinking agent, in view of the ease of con- 
trolling the resulting degrees of polymerization and 

45 crosslinking. 

[0025] In the present invention, preferably usable ex- 
amples of the acid-group-containing polymerizabie 
monomer include: polymerizabie monomers containing 
a carboxylic acid group, such as acrylic acid, methacryl- 

50 jc acid, ethacrylic acid, crotonic acid, sorbic acid, maleic 
acid, itaconic acid, and cinnamic acid, and their anhy- 
drides; polymerizabie monomers containing a sulfonic 
acid group, such as vinylsulfonic acid, allylsulfonic acid, 
styrenesulfonic acid, vinyltoluenesulfonic acid, 2-(meth) 

55 acrylamido-2-methylpropanesulfonic acid, 2-(meth) 
acryloylethanesulfonic acid, and 2-(meth)acryloylpro- 
panesulfonic acid; and polymerizabie monomers con- 
taining a phosphoric acid group, such as 2- hydroxy ethy- 
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lacryloyt phosphate, 2-bydroxyethylmethacrytoyl phos- 
phate, phenyl-2-acryloyloxyethyl phosphate, and vinyl 
phosphate. 

[0026] Among them, preferable ones are poiymeriza- 
ble monomers containing a carboxylic or sulfonic acid 5 
group, particularly preferably, a carboxylic acid group, 
and the most preferable is acrylic acid. These acid- 
group-containing monomers may be used either alone 
respectivelyorincombinationswitheachother. 
[0027] In the present invention, if necessary, other po- 10 
lymerizable monomers can be used along with the 
above acid-group-containing monomer. Examples of 
such other polymerizable monomers include: alkyl es- 
ters or alkylene oxide esters of unsaturated carboxylic 
acids (e.g. acrylic acid, methacrylic acid, ethacrylic acid, 15 
crotonic acid, sorbic acid, maleic acid, itaconic acid, cin- 
namic acid), such as methyl <meth)acrylate, ethyl (meth) 
acrylate, methoxypolyethylene glycol (meth)acrylate, 
and polyethylene glycol rnono{meth)acrylate; aromatic 
vinyl hydrocarbons, such as styrene; aliphatic vinyl hy- 20 
drocarbons, such as ethylene, propylene, and butene; 
unsaturated nitriles, such as acrylonitrile; and unsatu- 
rated amides, such as acrylamide and methacrylamide. 
[0028] In the present invention, preferably usable ex- 
amples of the copolymerizable crosslinking agent, 25 
which is copolymerizable with the acid-group-containing 
polymerizable monomer, include: compounds (1) hav- 
ing at least two polymerizable double bonds; and com- 
pounds (2) having at least one polymerizable double 
bond and at least one functional group reactive upon the 30 
monomer. 

[0029] Specific examples of compound (1) above in- 
clude the following: N,N'-methylenebis(meth)acryla- 
mide, N,N'-methylenebis(Nvinylalkylamide), (polyeth- 
ylene glycol di(meth)acrylate, (poiy)propylene glycol di 35 
(meth)acrytate, trimethylo!propanetri(meth)acrylate, tri- 
methylolpropane di(meth)acrylate, glycerol tri(meth) 
acrylate, glycerol acrylate methacrylate, ethylene-ox- 
ide-denatured trimethylolpropane tri(meth)acrylate, 
pentaerythritol tetra(meth)acrylate, dipentaerythritol *o 
hexa(meth}acrylate, trially! cyanurate, triallyl isocyanu- 
rate, triallyl phosphate, triallylamine, poly(meth)allyloxy- 
alkanes, divinylbenzene, divinyltoluene, divinylxylene, 
divinylnaphthalene, divinyl ether, divinyl ketone, trivinyl- 
benzene, tolylene diisocyanate, hexamethylene diiso- 45 
cyanate. 

[0030] Examples of compound (2) above include: 
compounds having an epoxy group and a polymerizable 
double bond in a molecule, such as glycidyl (meth)acr- 
ylate; compounds having a hydroxy group and a polym- 50 
erizable double bond in a molecule, such as Nmethylol 
(meth)acrylamide; unsaturated compounds containing 
a primary to quaternary amino group (amine group), 
such as N,N,Ntrimethyl-N-(meth)acryloyloxyethyltri- 
methylammonium chloride, N,N,N-triethyl-N-(meth) 55 
acryloyloxyethyltrimethylammonium chloride, dimethyl- 
aminoethyt (meth)acrylate, diethylaminoethyl (meth) 
acrylate,al!ylamine,andvinylpyridine. 



[0031] Among the copolymerizable crosslinking 
agents, preferableonesare: 

bis(meth)acrylamide; di-or poly-esters from polyols and 
unsaturated monocarboxyiic acids; and polyallyl com- 
pounds. A particularly preferable one is at least one 
member selected from the group consisting of N, 
N'methylenebisacrylamide, trimethylolpropane tri 
(meth)acrylate, (poly)ethylene glycol diacrylate, trial- 
lylamine, andpoly(meth)allyloxyalkanes. 
[0032] In the present invention, the amount of the co- 
polymerizable crosslinking agent is usually in the range 
of 0.001 to 10 %, preferably 0.01 to 5 %, of the total 
weight of the entire polymerizable monomers and the 
copolymerizable crosslinking agent. In the case where 
the amount of the copolymerizable crosslinking agent is 
smaller than 0.001 %,the resultant acidic water-absorb- 
ent resin might merely exhibit low gel strength when ab- 
sorbing water. In the case where the amount exceeds 
10 %, it is not preferable because the water absorption 
capacitymightbelow. 

[0033] The amount of other polymerizable monomer, 
as used if necessary, is usually not larger than 40 %, 
preferably not larger than 20 %, of the total weight of the 
entirety of the polymerizable monomer and the copoly- 
merizablecrosslinkingagent. 

[0034] Incidentally, when the polymerization is carried 
out, it is permitted to add to the polymerizable monomer 
the following compounds: hydrophilic polymers, such as 
starch (including derivatives thereof), cellulose (includ- 
ing derivatives thereof), polyvinyl alcohol, polyacrylic 
acid, and crosslinked polyacrylic acid; chain transfer 
agents, such as hypophosphorous acid {or its salts); and 
water-soluble orwater-dispersible surfactants. Inciden- 
tally, these compounds, which may be added to the po- 
lymerizable monomer, are for example disclosed in USP 
4,076,663, USP 4,320,040, USP 4,833,222, USP 
5,118,719, USP 5,149,750. USP 5,154,713, USP 
5,264,495,EP0372981,andEP0496594. 
[0035] In the present invention, bulk polymerization or 
precipitation polymerization is, for example, available as 
the method to polymerize the acid-group-containing 
monomer or as the method to polymerize the acid- 
group-containing monomer and the copolymerizable 
crosslinking agent, and further, other polymerizable 
monomers as used if necessary. However, considering 
the performance or the easiness of the polymerization 
control, it is preferable to carry out aqueous solution po- 
lymerization or reversed-phase suspension polymeriza- 
tion using the monomer in the form of its aqueous solu- 
tion. Incidentally, examples of solvents, usable for this 
aqueous solution polymerization or reversed-phase 
suspension polymerization, include water, methanol, 
ethanol, acetone, N,N-dimethylformamide, dimethyl 
sulfoxide, methyl ethyl ketone, and any mixture thereof. 
When the solvent is used, the concentration of the acid- 
group-containing monomer is not especially limited, but 
is usually not less than 10 %, preferably in the range of 
15 to 80 %, on the weight basis. In addition, the polym- 
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erization temperature is usually in the range of 0 to 150 
°C,preferably10to100 °C. 

[0036] In addition, the method of initiating the polym- 
erization may be conventional polymerization methods, 
for example, involving the use of radical polymerization s 
catalysts or the irradiation of such as radiations, electron 
beams.orultravioletrays. 

[0037] As to the method involving the use of radical 
polymerization catalysts, examples of those catalysts 
include: inorganic peroxides, such as potassium persu!- 10 
fate, ammonium persulfate, and sodium persulfate; or- 
ganic peroxides, such as t-butyl hydroperoxide, hydro- 
gen peroxide, benzoyl peroxide, and cumene hydroper- 
oxide; and azo compounds, such as 2,2*-azobis(2-amid- 
inopropane) di hydrochloride, azoisobutyronitrile, and is 
azobiscyanovaleric acid. When ox/dizable radical po- 
lymerization catalysts such as peroxides are used, they 
may be combined with reductants, such as sodium 
sulfite, sodium hydrogens ulfite, ferrous sulfate, and L- 
ascorbic acid, to carry out redox polymerization. In ad- 20 
dition, it is also permitted to use the radical polymeriza- 
tion catalysts jointly with each other. Furthermore, it is 
permitted that the amount of the radical polymerization 
catalyst, as used, is a conventional one. For example, 
the radical polymerization catalyst is used in the ratio of 25 
usually 0.0005 to 5 %, preferably 0.0001 to 1 %, of the 
total weight of the entire polymerizable monomers and 
thecopolymerizablecrosslinkingagent. 
[0038] In the present invention, the acidic water-ab- 
sorbent resin as obtained is substantially used in a dried 30 
powdery state by way of conventional drying, pulveriz- 
ing and sieving processes if necessary. The acidic wa- 
ter-absorbent resin having a water content of less than 
20 weight % and being powdery in the range of 10 to 
1000 (im can be preferably converted to the water-ab- 35 
sorbing agent according to the present invention, by 
blending with the basic water-absorbent resin. In case 
where the water content of the acidic water-absorbent 
resin is not less than 20 weight %, it is necessary to note 
that the salt removing effect of the water-absorbing 40 
agent as obtained may be low owing to a blending con- 
ditionwiththebasicwater-absorbentresin. 
[0039] The production process for a water-absorbing 
agent, according to the present invention, comprises the 
step of: blending the basic water-absorbent resin and 45 
the acidic water-absorbent resin, wherein the basic wa- 
ter-absorbent resin is obtained by forwarding a 
crosslinking reaction of the basicresin and the crossfink- 
ing agent and pulverizing the resultant crosslinked mix- 
ture at the same time. Examples of the process include so 
followingMethod(a)andMethod(b}. 

(a) After preparing the basic water-absorbent resin 
obtained by forwarding a crosslinking reaction of 
the basic resin and the crosslinking agent and pul- 55 
verizing the resultant crosslinked mixture at the 
same time, and the acidic water-absorbent resin re- 
spectivelybeforehand.bothresinsareblended. 



(b) The crosslinking reaction of the basic resin is 
forwarded, and the resultant crosslinked mixture is 
pulverized and blended with the acidic water-ab- 
sorbent resin at the same time, by coexisting with 
the acidic water-absorbent resin when forwarding 
the crosslinking reaction of the basic resin and the 
crosslinking agent and pulverizing the resultant 
crossiinkedmixtureatthesametime. 

[0040] In above Method (a), the blending ratio of the 
basic water-absorbent resin and the acidic water-ab- 
sorbent resin is changed owing to the purpose and the 
kind of a solution to be absorbed. However, the ratio by 
weight (in terms of solid content) is preferably 95:5 to 5: 
95, more preferably 90:10 to 10:90. In addition, as to 
blending the basic water-absorbent resin and the acidic 
water-absorbent resin, the blender is not especially lim- 
ited if both resins can be blended. Examples of the 
blender include cylinder type blenders, double-wall 
cone type blenders, V-character-shaped blenders, rib- 
bon type blenders, screw type blenders, fiuldized-fur- 
nace rotary disk type blenders, gas current type blend- 
ers, double-arm type kneaders, internal blenders, rotary 
blenders, shear type blenders, turbulizers, universal 
blenders, nauta blenders, and fluidized-bed type blend- 
ers. In addition, each particle of the basic water-absorb- 
ent resin and the acidic water-absorbent resin may be 
treated with surface crosslinking before blending both 
resins. 

[0041] The above described basic resin and 
crosslinking agent are used as the basic resin and the 
crosslinking agent in above Method (b). The basic resin 
contains base groups (of which 50 to 100 mol % prefer- 
ably, more preferably 70 to 100 mol %, most preferably 
90 to 100 mol %, are present in the unneutratized (free) 
base form). In addition, the concentration of the basic 
resin as used is preferably not less than 50 weight %, 
more preferably not less than 80 weight %, most pref- 
erably notlessthan98weight%. 

[0042] As to the amount of the crosslinking agent as 
used in above Method (b), when the basic resin is the 
amino-group-containing basic resin, the amount thereof 
is preferably in the range of 0.001 to 20 mol % of the 
amine unit of the polymer. In addition, the blending ratio 
of the basic resin and the acidic water-absorbent resin 
by weight (in terms of solid content) is preferably 90:10 
to 10:90, more preferably 80:20 to 20:80, most prefera- 
bly 70;30to30:70. 

[0043] The water content of the acidic water-absorb- 
ent resin as used in above Method (b), is preferably less 
than20weight%. 

[0044] As to blending the basic resin, the crosslinking 
agent and the acidic water-absorbent resin, the blender 
is not especially limited if the three resins can be blend- 
ed. Examples of the blender include KRC Kneader, tur- 
bulizers, paddle dryers, extruders, screw type blenders, 
twin-screw extruders, and continuous kneaders. In ad- 
dition, when carrying out the crosslinking reaction, the 
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temperature is in the range of room temperature to 150 
°C, and the reaction time is in the range of a few seconds 
to a few hours generally. It is preferable that the temper- 
ature is in the range of room 50 to 1 20 °C and the reac- 
tion time is in the range of a few seconds to one hour. It 
is preferable that the crosslinking reaction is stopped in 
the vessel within the holding time especially in case of 
carrying out procedures continuously. It is preferable to 
select a condition that the reaction is carried out at 50 
to 120 °C and stopped for a few seconds to 50 minutes, 
in order to make the vessel compact. In addition, the 
reaction may be carried out under reduced, ordinary or 
compressedpressure. 

[0045] The above Method (b) enables to produce the 
water-absorbing agent in one step with higher produc- 
tivity than the Method (a), because the basic water-ab- 
sorbent resin obtained by the crosslinking reaction of the 
basicresinandthecrosslinkingagentisnotisolated. 
[0046] The water-absorbing agent, as obtained by the 
production process according to the present invention, 
can be converted to a water-absorbing agent having a 
desired particle size, by being dried and pulverized if 
necessary. When the water-absorbing agent is dried, 
the drying temperature is, for example, in the range of 
50 to 200 °C, and the water-absorbing agent is dried in 
inert gas atmosphere such as nitrogen as the case may 
be. Examples of the dryers include hot blow dryers, ro- 
tational dryers, paddle dryers, plate dryers, belt type dry- 
ers, J nauta type dryers, high-frequency dryers, decom- 
pression dryers, freeze dryers, channel type blending 
dryers, rotary dryers, disk dryers, fluidized-bed dryers, 
air blow type dryers, and infrared dryers. In addition, the 
pulverizing method is not especially limited, either, and 
conventional apparatuses are available, such as ham- 
mer type pulverizers, impact type pulverizers, roil type 
pulverizers, a ndjetgascurrenttypepu I verizers. 
[0047] The water absorption capacities of the water- 
absorbing agent, as obtained by the production process 
according to the present invention, under a load, are: 
preferably not less than 20 g/g (1 hour after initiating the 
measurement), more preferably not less than 30 g/g, 
most preferably not less than 35 g/g; and preferably not 
less than 25 g/g (4 hours after initiating the measure- 
ment), more preferably not less than 35 g/g, most pref- 
erably notiessthan40g/g. 

[0048] The average particle size of the water-absorb- 
ing agent, as obtained by the production process ac- 
cording to the present invention, is preferably in the 
range of 10 to 1000 u,m, more preferably 100 to 850 jim, 
mostpreferably200to600 nm. 

[0049] In addition, in the present invention, if neces- 
sary, various functions can be given to the water-ab- 
sorbing agent as obtained by the production process ac- 
cording to the present invention by, in the blending step, 
further adding other materials, such as disinfectants, de- 
odorants, antimicrobial agents, perfumes, various inor- 
ganic and organic powders, foaming agents, pigments, 
dyes, hydrophilic fibers, filters, hydrophobic fibers, and 



manure. 

[0050] The water-absorbing agent, as obtained by the 
production process according to the present invention, 
can particularly fitly be used for various absorbent arti- 

5 cles, especially, absorbent structures, which are being 
thinned more and more, such as disposable diapers, 
sanitary napkins, and incontinent pads, and further, this 
composition can provide absorbent articles which can 
remarkably decrease the leakage to thereby keep their 

to surfaces in a rustling dry state even if used for a long 
time. 

[0051] Because the water-absorbing agent, as ob- 
tained by the production process according to the 
present invention, can absorb salt water rapidly, it can 

15 favorably be used in the wide range of fields, for exam- 
ple, as follows: sanitary material fields, such as water- 
absorbing agents for various absorbent articles (e.g. 
disposable diapers, sanitary napkins, and incontinent 
pads) and for wipers; food fields, such as freshness - 

20 keeping agents and drip-absorbing agents for meat and 
fish; agricultural and horticultural fields, such as water- 
holding agents for plants and soil and for tree planting 
of vertical faces; building material fields, such as paint 
additives and dewfall preventives; communication 

25 fields, such as sealing agents for optical cables and for 
submarine cables; information fields, such as surface- 
coating agents for print films; industrial fields, such as 
solidifying agents for hydrous materials; home use arti- 
cle fields, such as disposable pocket heaters and calci- 

30 um-chloride-based desiccants; and public works fields, 
such as sealing agents for public works, and concrete 
admixtures. 

[0052] In addition, the water-absorbing agent, as ob- 
tained by the production process according to the 

35 present invention, has an effect of enabling to remove 
stink substances such as ammonia, acetaldehyde and 
mercaptan by itself, and is effective as a constituent ma- 
terial of odor control articles. (Effects and Advantages 
ofthelnvention): 

40 [0053] In the production process for a basic water-ab- 
sorbent resin, the crosslinking density distribution in the 
basic water-absorbent resin becomes more uniform by 
forwarding the crosslinking reaction and pulverizing the 
resultant crosslinked mixture at the same time. As a re- 

45 suit, basic water-absorbent resin particles being char- 
acterized by having uniform particle size, exhibiting an 
excellent water absorption capacity, and having little ex- 
tractable content, can be produced with high productiv- 
ity. 

50 [0054] Accordingly, the basic water-absorbent resin 
as obtained by the process according to the present in- 
vention, can not only have the most suitable quality in 
case of blending with the acid water-absorbent resin but 
also have the most suitable adjusted particle size at the 

55 sametime. 

[0055] Therefore, when the basic water-absorbent 
resin as obtained by the process according to the 
present invention, becomes a water-absorbing agent by 
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blending the basic water-absorbent resin and the acidic 
water-absorbent resin, this water-absorbing agent be- 
comes a high quality water-absorbing agent exhibiting 
a greatly excellent water absorption capacity under a 
load. 

DETAILEDDESCRIPTIONOFTHEPREFERRED 
EMBODIMENTS 

[0056] Hereinafter, the present invention is more spe- 
cifically illustrated by the following examples of some 
preferred embodiments in comparison with comparative 
examples not according to the invention. However, the 
invention is not limited to these examples. Incidentally, 
the extractable content in the basic water-absorbent 
resin, the water absorption capacity of the basic water- 
absorbent resin, the water absorption capacity of the 
water-absorbing agent under a load, and the water con- 
tent of the acidic water-absorbent resin were measured 
by the below-mentioned methods. In addition, unless 
otherwise noted, the units "part(s)" and "%", as herein- 
aftersim ply referredto . d enotethose by weight. 

(a)Extractablecontentinthebasicwater-absorbent 
resin 

[0057] A gel of the basic water-absorbent resin, of 
which the amount (Wa [g]) corresponded to 1 g in terms 
of solid content, was weighed out with the accuracy of 
0.0001 g, and then added into 200 g of pure water, and 
then stirred for 16 hours. The resultant mixed solution 
was filtered with filter paper (No. 2 made by ADVANTEC 
Corporation), and the filtrate was separated. The 
amount (Wb [g]) corresponding to 1 to 3 mg of dissolved 
amine component was sampled from the filtrate into a 
beaker of 200 ml, and then pure water was added there- 
to to increase the entirety to 50 g, and further, 0.1 N hy- 
drochloric acid was then added thereto to adjust pH from 
1 to 2. A few drops of Toluidine Blue was added to the 
resultant solution, and then a 1/400 mol/l potassium pol- 
yvinyl sulfate solution (PVSK, for colloidal titration) was 
further dropped , when the point at which the color of the 
solution had changed from blue to reddish violet was 
regarded as the end point (T [ml]). The extractable con- 
tent of the basic water-absorbent resin was calculated 
fromthefol lowing equation: 

[0058] Extractable content of the basic water-absorb- 
entresin(wt%) 

_ T-1/400-F-M-{200+Wa(1-S/1Q0)} 
1000Wb-Wa-S/100 

F:TiterofPVSK 

M:Molecularweightofrepeattngunit 
S:Solidcontentofgel(wt%) 



(b) Waterabsorptioncapacityofthebasicwater- 
absorbentresinandtheacidicwater-absorbentresin 

[0059] Ageiof the basic water-absorbent resin (or the 

5 acidic water-absorbent resin), of which the amount cor- 
responded to 0.2 g in terms of solid content, was 
weighed out with the accuracy of 0.0001 g, and then 
added into a bag (60 mm x 60 mm) made by nonwoven 
fabric, then immersed in 100 g of pure water. The bag 

to was pulled up after 24 hours, and the amount (Wc [g]) 
of the bag was measured after removing water by use 
of a centrifugal separator (250 G(cm/sec 2 ), 3 minutes). 
In addition, the same procedure is carried out without 
using the basic water-absorbent resin (or the acidic wa- 

15 ter-absorbent resin), and then the amount (Wd [g]) of 
the bag was measured. The water absorption capacity 
(g/g) of the basic water-absorbent resin (or the acidic 
water-absorbent resin) was calculated from these 
weightsWcandWd.andthefollowingequation: 

20 Waterabsorptioncapacity(g/g) 
=(Wc-Wd)/0.2-1 

(c) Waterabsorptioncapacityofthewater-absorbing 
agentunderaload 

25 

[0060] First, 0.9 g of the water-absorbing agent was 
uniformly spread on a stainless wire mesh of 400 mesh 
(mesh opening size: 38 urn) as attached by fusion to the 
bottom of a plastic supporting cylinder with an inner di- 

30 ameterof 60 mm. Next, a piston and a load were mount- 
ed in sequence on the above the water-absorbing agent, 
wherein the piston had an outer diameter of only a little 
smaller than 60 mm and made no gap with the wall face 
of the supporting cylinder, but was not hindered from 

35 moving up and down, and wherein the piston and the 
load were adjusted such that a load of 4.9 kPa could 
uniformly be applied to the water-absorbing agent. 
Then, the weight (We) of the resultant set of measure- 
mentapparatuswasmeasured. 

40 [00611 A glass filter plate of 90 mm in diameter is 
mounted inside a Petri dish of 150 mm, and a salt water 
(1 ,000 g in total weight as prepared by adding deionized 
water ( as a solvent) to 2.0 g of potassium chloride, 2.0 
g of sodium sulfate, 0.85 g of ammonium dihydrogen- 

45 phosphate, 0.15 g of diammonium hydrogenphosphate, 
0.25 g of calcium chloride dihydrate, and 0.5 g of mag- 
nesium chloride hexahydrate) is added up to the same 
level as the surface of the glass filter plate, on which 
filter paper of 90 mm in diameter is then mounted such 

so that its entire surface will be wetted, and further, an ex- 
cessofliquidisremoved. 

[0062] The above set of measurement apparatus is 
mounted on the above wet filter paper, thereby allowing 
the water-absorbing agent to absorb the liquid under the 
55 bad. After the water-absorbing agent has absorbed the 
liquid for a predetermined time, the set of measurement 
apparatus is lifted to measure its weight (Wf) again. The 
value, as given by subtracting We from Wf, is divided by 
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the weight (0.9 g) of the water-absorbing agent, thus de- 
termining the water absorption capacity (g/g) of the wa- 
ter-absorbing agent under a load. The above measure- 
ment is carried out with the piston and the load still 
mounted. After the measurement of the weight has end- 
ed, the set of measurement apparatus is mounted on 
the above wet fitter paper again, thereby allowing the 
water-absorbing agent to absorb the salt water under 
the toad until the next predetermined time. Thereafter, 
the above operation is repeated to determine the water 
absorption capacity of the water-absorbing agent under 
aloadafteranunittime. 

(d)Watercontentofth eac id icwater-absorbe ntres i n 

[0063] The initial weight (Wg) of the acidic water-ab- 
sorbent resin is beforehand measured, and then the 
weight (Wh) is measured after drying in a hot-air dryer 
of 1 80 °C for 3 hours. The value, as given by subtracting 
Wh from Wg, is divided by Wg, and the resultant divided 
value is represented by the percentage, which is regard- 
ed as the water content (%) of the acidic water-absorb- 
entresin. 

(REFERENTIALEXAMPLE1 ) 

[0064] First, 1008.8 parts of acrylic acid, 8.63 parts of 
N.N'methylenebisacrylamide as a copolymerizable 
crosslinking agent, and 3960.9 parts of pure water were 
mixed. The resultant mixture was degassed with nitro- 
gen gas for 60 minutes and then put into an airtight ves- 
sel possible to open and close, and the displacement of 
the internal air of the reaction system with nitrogen was 
continued with the liquid temperature kept at 20 °C un- 
der the nitrogen atmosphere. Next, 30.5 parts of 10 . 
weight % aqueous 2,2'-azobis{2-amidinopropane) dihy- 
drochtoride solution, 10.8 part of 10 weight % aqueous 
hydrogen peroxide solution, and 25.2 parts of 1 weight 
% aqueous L-ascorbic acid solution were added under 
stirring. As a result, after 5 minutes, a polymerization 
reaction got started, and after 30 minutes, the reaction 
system reached the peak temperature. Thirty minutes 
after the polymerization temperature reached its peak, 
the resultant hydrogelled crosslinked polymer was got 
out and passed through a meat chopper, thus obtaining 
the hydrogelled crosslinked polymer. This hydrogelled 
crosslinked polymer was dried in a hot blow dryer of 1 30 
°C for 1 hour. The resultant dried product is pulverized 
by a roli-granulator (made by Nippon Granulator Co., 
Ltd.). The resultant powder was passed through a wire 
mesh (mesh opening size: 850 fim), and the resultant 
passed product was collected, thus obtaining acidic wa- 
ter-absorbent resin (1). Incidentally, acidic water-ab- 
sorbent resin (1) as obtained has a water content of 6 
% and a water absorption capacity of 14 g/g in pure wa- 
ter. 



(REFERENTIALEXAMPLE2) 

[0065] First, 800 parts of acrylic acid, 1150 parts of 50 
weight % aqueous 2-(meth)acrylamido-2-methylpro- 

5 panesulfonic acid solution, 5.35 parts of N,N'-methyl- 
enebisacrylamide as a copolymerizable crosslinking 
agent, and 2930 parts of pure water were mixed. The 
resultant mixture was degassed with nitrogen gas for 60 
minutes and then put into an airtight vessel possible to 

10 open and close, and the displacement of the internal air 
of the reaction system with nitrogen was continued with 
the liquid temperature kept at 20 °C under the nitrogen 
atmosphere. Next, 30.3 parts of 10 weight % aqueous 
2,2'-azobis(2-amidinopropane) dihydrochloride solu- 

15 tion, 33.3 part of 3 weight % aqueous hydrogen peroxide 
solution, and 50 parts of 0.5 weight % aqueous L-ascor- 
bic acid solution were added under stirring. As a result, 
after 1 minutes, a polymerization reaction got started, 
and after 17 minutes, the reaction system reached the 

20 peak temperature. Thirty minutes after the polymeriza- 
tion temperature reached its peak, the resultant hydro- 
gelled crosslinked polymer was got out and passed 
through a meat chopper, thus obtaining the hydrogelled 
crosslinked polymer. This hydrogelled crosslinked pol- 

25 ymer was dried in a hot blow dryer of 60 °C for 1 hour, 
and further, dried in a decompression dryer of 60 °C for 
3 hour. The resultant dried product is pulverized by a 
roll-granulator (made by Nippon Granulator Co., Ltd.). 
The resultant powder was passed through a wire mesh 

30 (mesh opening size: 850 jim), and the resultant pass 
product was collected, thus obtaining acidic water-ab- 
sorbent resin (2). Incidentally, acidic water-absorbent 
resin(2)asobtainedhasawatercontentof15%. 



[0066] Ethylene glycol diglycidyl ether (Denacol EX- 
810, Nagase Kasei Kogyo Co., Ltd., solid content: 100 
%) as a crosslinking agent with a supplying speed of 7.3 

40 g/minute was supplied to 100 % polyethylenimine 
(Epomin SP-200, made by Nippon Shokubai Co., Ltd.) 
with a supplying speed of 72.7 g/minute, thus obtaining 
the mixture thereof continuously. Simultaneously, the 
mixture was continuously added into KRC Kneader (voi- 

45 urne: 1.2 liter, made by Kurimoto Co., Ltd.) equipped 
with a twin rotating shaft at 53 rpm and a jacket and 
passed through KRC Kneader in order to forward a 
crosslinking reaction of the mixture by giving shear 
stress and to pulverize the resultant crosslinked product 

50 at the same time, thus obtaining basic water-absorbent 
resin (1) according to the present invention continuous- 
ly. Then, the temperature of water that was passed into 
the jacket was 80 °C. Basic water-absorbent resin (1 ), 
according to the present invention, had an extractable 

55 content of 3.4 % and a water absorption capacity of 6.5 
g/g. 98 weight % of the basic water-absorbent resin par- 
ticles have a particle size of 10 to IOOOluti, and the av- 
erage particle size is 270 (im. The particles of 1 0 to 1 000 
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jim in basic water-absorbent resin (1), according to the 
present invention, included: 6 % of particles of 1000 to 
850 urn, 14 % of particles of 850 to 500 urn, 22 % of 
particles of 500 to 300 pm, 43 % of particles of 300 to 
150 um,and15%ofparticlesof150to10 urn. 5 

(EXAMPLE2) 

[0067] 5000 g of 30 % polyethylenimine (Epomin P- 
1000, made by Nippon Shokubai Co., Ltd.) was added 10 
into a reaction vessel comprising a stainless-made dou- 
ble-arm type kneader (volume: 10 liters) equipped with 
two sigma type stirring blades and a jacket, and a cover 
thereof, and further, 1597 g of 9.4 % aqueous N,N'- 
methyienebisacrylamide solution (80 °C) was added 
with stirring at 40 rpm in order to forward a crosslinking 
reaction of the resultant mixture by giving shear stress 
and to pulverize the resultant crosslinked product at the 
same time. Then, the temperature of the jacket was 60 
°C. Three minutes after initiating the reaction in the 20 
kneader, the resultant pulverized gel was exhausted 
from the kneader and passed through DOME-GRAN 
(made by Fuji Paudal Co., Ltd.) thereafter, thus obtain- 
ing basic water-absorbent resin (2) according to the 
present invention. Basic water-absorbent resin (2), ac- 25 
cording to the present invention, had an extractable con- 
tent of 3.1 % and a water absorption capacity of 9.5 g/ 
g. 98 weight % of the basic water-absorbent resin par- 
ticles have a particle size of 1 0 to 1 000 pm after drying , 
and the average particle size is 210 pm. The particles 30 
of 10 to 1000 pm in basic water-absorbent resin (2) after 
drying included: 7 % of particles of 850 to 500 pm, 22 
% of particles of 500 to 300 urn, 43 % of particles of 300 
to150 M-m,and28%ofparticfesof150to 10 u.m. 

35 

(EXAMPLE3) 

[0068] Basic water-absorbent resin (3), according to 
the present invention, was obtained in the same way as 
of Example 2 except that the temperature of the jacket fo 
was changed to 25 °C and the reaction time in the 
kneader was changed to 10 minutes. Basic water-ab- 
sorbent resin (3) as obtained, according to the present 
invention, had an extractable content of 3.4 % and a wa- 
ter absorption capacity of 9.7 g/g. 99 weight % of the *s 
basic water-absorbent resin particles have a particle 
size of 1 0 to 1 000 pm after drying, and the average par- 
ticie size is 230 pm. in addition, the particles of 10 to 
1000 |im in basic water-absorbent resin (3) after drying 
included: 9 % of particles of 850 to 500 }im, 25 % of so 
particles of 500 to 300 pm, 40 % of particles of 300 to 
150 pm,and26%ofparticlesof150to10 pm. 

(EXAMPLE4) 

55 

{0069] Basic water-absorbent resin (4), according to 
the present invention, was obtained in the same way as 
of Example 2 except that a meat chopper equipped with 



a helical back-flow inhibiting part in the casing of the 
meat chopper was used in stead of DOME-GRAN. Basic 
water-absorbent resin (4) as obtained, according to the 
present invention, had an extractable content of 3.2 % 
and a water absorption capacity of 9.5 g/g. 93 weight % 
of the basic water-absorbent resin particles have a par- 
ticle size of 10 to 1 000 pm after drying, and the average 
particle size is 165 urn. In addition, the particles of 10 to 
1000 pm in basic water-absorbent resin (4) after drying 
included: 13 % of particles of 1000 to 850 urn, 7 % of 
particles of 850 to 500 u.m, 9 % of particles of 500 to 300 
jim, 25 % of particles of 300 to 150 jam, and 46 % of 
parti clesof150to 10 jim. 



[0070] While N,N '-methyienebisacrylamide (9.4 % 
solution, 80 °C) as a crosslinking agent with a supplying 
speed of 58 g/minute was supplied to 30 % polyethyl- 
enimine (Epomin P-1000, made by Nippon Shokubai 
Co., Ltd.) with a supplying speed of 182 g/minute, both 
are added into KRC Kneader having a twin rotating shaft 
at 53 rpm and a jacket (volume: 1 .2 liter, made by Kuri- 
moto Co., Ltd.) and passed through KRC Kneader in or- 
der to forward a crosslinking reaction of the resultant 
mixture by giving shear stress and to pulverize the re- 
sultant crosslinked product at the same time, thus ob- 
taining basic water-absorbent resin (5) according to the 
present invention continuously. Then, the temperature 
of water that was passed into the jacket was 80 °C. Ba- 
sic water-absorbent resin (5), according to the present 
invention, had an extractable content of 3.5 % and a wa- 
ter absorption capacity of 10.4 g/g. 84 weight % of the 
basic water-absorbent resin particles have a particle 
size of 10 to 1000 jim after drying, and the average par- 
ticle size is 650 jim. In addition, the particles of 10 to 
1000 pm in basic water-absorbent resin (5) after drying, 
included: 34 % of particles of 1000 to 850 urn, 31 % of 
particles of 850 to 500 um, 22 % of particles of 500 to 
300 p.m, 11 % of particles of 300 to 150 jim, and 2 % of 
particlesof150to10 jxm. 

(EXAMPLE6) 

[0071] While N,N' -methyienebisacrylamide (9.4 % 
solution, 80 °C) as a crosslinking agent with a supplying 
speed of 83 g/minute was supplied to 50 % polyethyl- 
enimine (Epomin P-1050, made by Nippon Shokubai 
Co., Ltd.) with a supplying speed of 157 g/minute, both 
are added into KRC Kneader having a twin rotating shaft 
at 53 rpm and a jacket (volume: 1.2 liter, made by Kuri- 
moto Co., Ltd.) and passed through KRC Kneader in or- 
der to forward a crosslinking reaction of the resultant 
mixture by giving shear stress and to pulverize the re- 
sultant crosslinked product at the same time, thus ob- 
taining basic water-absorbent resin (6) according to the 
present invention continuously. Then, the temperature 
of water that was passed into the jacket was 80 °C. Ba- 



15 (EXAMPLE5) 
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sic water-absorbent resin (6), according to the present 
invention, had an extra eta ble content of 4.7 % and a wa- 
ter absorption capacity of 8.0 g/g. 88 weight % of the 
basic water-absorbent resin particles have a particle 
size of 1 0 to 1 000 urn after drying, and the average par- 5 
tide size is 290 pm. In addition, the particles of 10 to 
1000 (im in basic water-absorbent resin (6) after drying, 
included: 21 % of particles of 1000 to 850 pm, 12 % of 
particles of 850 to 500 pm, 16 % of particles of 500 to 
300 jim, 35 % of particles of 300 to 1 50 jim, and 1 6 % 10 
ofparticlesof 1 50to1 0 pm. 

(EXAMPLE7) 

[0072] While N,N'-methylenebisacrylamide (9.4 % 1S 
solution, 80 °C) as a crosslinking agent with a supplying 
speed of 58 g/minute was supplied to 50 % polyethyl- 
enimine (Lupasol-P, made by BASF) with a supplying 
speed of 1 57 g/minute, both are added into KRC Knead- 
er having a twin rotating shaft at 53 rpm and a jacket 20 
(volume: 1.2 liter, made by Kurimoto Co., Ltd.) and 
passed through KRC Kneader in order to forward a 
crosslinking reaction of the resultant mixture by giving 
shear stress and to pulverize the resultant crosslinked 
product at the same time, thus obtaining basic water- 25 
absorbent resin (7) according to the present invention 
continuously. Then, the temperature of water that was 
passed into the jacket was 80 °C. Basic water-absorb- 
ent resin (7), according to the present invention, had an 
extractable content of 4.3 % and a water absorption ca- 30 
pacity of 7.3 g/g. 88 weight % of the basic water-absorb- 
ent resin particles have a particle size of 10 to 1000 pm 
after drying, and the average particle size is 305p.m. In 
addition, the particles of 10 to 1000 pm in basic water- 
absorbent resin (7) after drying, included: 19 % of par- 35 
tides of 1000 to 850 pm, 18 % of particles of 850 to 500 
M-m, 14 % of particles of 500 to 300 pm, 29 % of particles 
of 300 to 1 50 M-m, and 20 % of particles of 1 50 to 1 0 pm. 

(EXAMPLE8) 40 

[0073] Basic water-absorbent resin (8), according to 
the present invention, was obtained in the same way as 
of Example 1 except that the supplying speed of ethyl- 
ene glycol diglycidyl ether (Denacol EX-810, Nagase 4 $ 
Kasei Kogyo Co., Ltd.) as a crosslinking agent was 
changed into 5.5 g/minute. Basic water-absorbent resin 
(8) as obtained, according to the present invention, had 
an extractable content of 4.6 % and a water absorption 
capacity of 11.1 g/g. 95 weight % of the basic water- so 
absorbent resin particles have a particle size of 10 to 
1000 pm, and the average particle size is 310 pm. The 
particles of 10 to 1000 pm in basic water-absorbent res- 
in (8) included: 8 % of particles of 1000 to 850 pm, 18 
% of particles of 850 to 500 pm, 27 % of particles of 500 55 
to 300 pm, 29 % of particles of 300 to 150 pm, and 18 
%ofparticiesof150to10 pm. 



(EXAMPLE9) 

[0074] Ethylene glycol diglycidyl ether (Denacol EX- 
810, Nagase Kasei Kogyo Co., Ltd., solid content: 100 
%) as a crosslinking agent with a supplying speed of 7.3 
g/minute was supplied to 100 % poiyethylenimine (Lu- 
pasol-WF, made by BASF) with a supplying speed of 
72.7 g/minute, thus obtaining the mixture thereof con- 
tinuously. Simultaneously, the mixture was continuously 
added into KRC Kneader (volume: 1 .2 liter, made by Ku- 
rimoto Co., Ltd.) equipped with a twin rotating shaft at 
53 rpm and a jacket and passed through KRC Kneader 
in order to forward a crosslinking reaction of the mixture 
by giving shear stress and to pulverize the resultant 
crosslinked product at the same time, thus obtaining ba- 
sic water-absorbent resin (9) according to the present 
invention continuously. Then, the temperature of water 
that was passed into the jacket was 80 °C. Basic water- 
absorbent resin (9), according to the present invention, 
had an extractable content of 3.5 % and a water absorp- 
tion capacity of 5.2 g/g. 98 weight % of the basic water- 
absorbent resin particles have a particle size of 10 to 
1000 pm, and the average particle size is 275 pm. The 
particles of 1 0 to 1 000 pm in basic water-absorbent res- 
in (9), according to the present invention, included: 3 % 
of particles of 1000 to 850 pm, 16 % of particles of 850 
to 500 pm, 25 % of particles of 500 to 300 pm, 38 % of 
particles of 300 to 1 50 pm, and 1 8 % of particles of 1 50 
to 10 pm. 

(EXAMPLE 10) 

[0075] Basic water-absorbent resin (10), according to 
the present invention, was obtained in the same way as 
of Example 1 except that methyl acrylate (Wako Pure 
Chemicals Co., Ltd.) was supplied with a supplying 
speed of 3.7 g/minute in stead of ethylene glycol digly- 
cidyl ether as a crosslinking agent. Basic water-absorb- 
ent resin (10) as obtained, according to the present in- 
vention, had an extractable content of 2.7 % and a water 
absorption capacity of 2.4 g/g. 99 weight % of the basic 
water-absorbent resin particles have a particle size of 
10 to 1000 pm, and the average particle size is 265 pm. 
The particles of 1 0 to 1 000 pm in basic water-absorbent 
resin (10) included: 1 % of particles of 1000 to 850 pm, 
17 % of particles of 850 to 500 pm, 27 % of particles of 
500 to 300 pm, 28 % of particles of 300 to 150 pm, and 
27%ofparticlesof150to10 pm. 

(EXAMPLE11) 

[0076] Basic water-absorbent resin ( 11 ), according to 
the present invention, was obtained in the same way as 
of Example 10 except that ethyl acrylate (Wako Pure 
Chemicals Co., Ltd.) was supplied with a supplying 
speed of 3.7 g/minute in stead of methyl acrylate. Basic 
water-absorbent resin (11) as obtained, according to the 
present invention, had an extractable content of 3.5 % 
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and a water absorption capacity of 3.4 g/g. 96 weight % 
of the basic water-absorbent resin particles have a par- 
ticle size of 1 0 to 1 000 M.m, and the average particle size 
is 305 jim. The particles of 1 0 to 1 000 u.m in basic water- 
absorbent resin (11) included: 3 % of particles of 1000 
to 850 u.m, 20 % of particles of 850 to 500 jim, 29 % of 
particles of 500 to 300 jam, 33 % of particles of 300 to 
150 u.m,and15%ofparticlesof150to10 |J.m. 

(EXAMPLE12) 

[0077] Forty parts of basic water-absorbent resin (1) 
as obtained in Example 1, 60 parts of acidic water-ab- 
sorbent resin (1) as obtained in Referential Example 1, 
and 0.3 parts of silica particles (Reolosil QS-20, 
Tokuyama Co., Ltd.) were dry blended, thus obtaining 
water-absorbing agent (1} according to the present in- 
vention. The water absorption capacities of water-ab- 
sorbing agent (1) under a load were: 36.7 g/g (1 hour 
after initiating the measurement), and 42.5 g/g (4 hours 
afterinitiatingthemeasurement). 

(EXAMPLE13) 

[0078] One hundred parts of basic water-absorbent 
resin (2) as obtained in Example 2 and 37.5 parts of 
acidic water-absorbent resin (1) as obtained in Referen- 
tial Example 1 were blended in a kneader with stirring, 
thus obtaining a mixture of both the resins. The mixture 
was dried in a hot blow dryer of 80 °C for 1 hour, and 
further, 0.3 parts of silica particles (Reolosil QS-20, 
Tokuyama Co., Ltd.) were blended with 100 parts of the 
resultant dried product. Thereafter, the resultant mixture 
was pulverized by a vertical pulverizer (VM27-S, Orient 
Co., Ltd.). The resultant powder was passed through a 
wire mesh (mesh opening size: 850 u.m), and the result- 
ant passed product was collected, thus obtaining water- 
absorbing agent (2) according to the present invention. 
The water absorption capacities of water-absorbing 
agent (2) under a load were: 37.9 g/g (1 hour after initi- 
ating the measurement), and 43.9 g/g (4 hours after in- 
itiatingthemeasurement). 

(EXAMPLE 14) 



[0079] One hundred parts of basic water-absorbent 
resin (2) as obtained in Example 2 and 58.3 parts of 
acidic water-absorbent resin (2) as obtained in Referen- 
tial Example 2 were blended in a kneader with stirring, 
thus obtaining a mixture of both the resins. The mixture so 
was dried in a hot blow dryer of 80 °C for 1 hour, and 
further, 0.3 parts of silica particles (Reolosil QS-20, 
Tokuyama Co., Ltd.) were blended with 100 parts of the 
resultant dried product. Thereafter, the resultant mixture 
was pulverized by a vertical pulverizer (VM27-S, Orient 55 
Co., Ltd.). The resultant powder was passed through a 
wire mesh (mesh opening size: 850 u.m), and the result- 
ant passed product was collected, thus obtaining water- 



absorbing agent (3) according to the present invention. 
The water absorption capacities of water-absorbing 
agent (3) under a load were: 39.0 g/g (1 hour after initi- 
ating the measurement), and 40.5 g/g (4 hours after in- 
5 itiatingthemeasurement). 

(EXAMPLE 15) 

[0080] Water-absorbing agent (4), according to the 
10 present invention, was obtained in the same way as of 
Example 13 except that: the silica particles, which were 
blended before pulverizing by the vertical pulverizer, 
were blended with the mixture before hot-blow drying of 
80 °C. The water absorption capacities of water-absorb- 
15 ing agent (4) under a load were: 35.8 g/g (1 hour after 
initiating the measurement), and 42.7 g/g (4 hours after 
initiatingthemeasurement). 

(EXAMPLE16) 

20 

[0081] Water-absorbing agent (5), according to the 
present invention, was obtained in the same way as of 
Example 13 except that: a turbulizer (Hosokawa Micron 
Co., Ltd.) was used in order to blend basic water-ab- 

25 sorbent resin (2) as obtained in Example 2 and acidic 
water-absorbent resin (1) as obtained in Referential Ex- 
ample 1 in stead of the kneader. The water absorption 
capacities of water-absorbing agent (5) under a load 
were: 37.6 g/g (1 hour after initiating the measurement), 

30 and 43.7 g/g (4 hours after initiating the measurement). 

(EXAMPLE17) 

[0082] Water-absorbing agent (6), according to the 
35 present invention, was obtained by use of basic water- 
absorbent resin (3) as obtained in Example 3, and by 
drying, pulverizing and collecting after blending with 
acidic water-absorbent resin (1) in the same way as of 
Example 13. The water absorption capacities of water- 
40 absorbing agent (6) under a load were: 36.3 g/g (1 hour 
after initiating the measurement), and 42.6 g/g (4 hours 
afterinitiatingthemeasurement). 



(EXAMPLE18) 

[0083] Water-absorbing agent (7), according to the 
present invention, was obtained by use of basic water- 
absorbent resin (4) as obtained in Example 4, and by 
drying, pulverizing and collecting after blending with 
acidic water-absorbent resin (1) in the same way as of 
Example 13. The water absorption capacities of water- 
absorbing agent (7) under a load were: 36.5 g/g (1 hour 
after initiating the measurement), and 43.0 g/g (4 hours 
afterinitiatingthemeasurement). 

(EXAMPLE19) 

[0084] Twelve thousand and seventy-five parts of ba- 
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sic water-absorbent resin (4) as obtained in Example 4 
and 3935 parts of acidic water-absorbent resin (1) as 
obtained in Referential Example 1 were blended in a 
highspeed shear type mixer (Cyclomix, made by Hoso- 
kawa Micron Co., Ltd.) having water amount of 50 L with 
stirring, thus obtaining a mixture of both the resins. The 
mixture was dried in a hot blow dryer of 80 °C for 1 hour, 
and further, 0.3 parts of silica particles (Reolosii QS-20, 
Tokuyama Co., Ltd.) were blended with 100 parts of the 
resultant dried product. Thereafter, the resultant mixture 
was pulverized by a vertical pulverizer (VM27-S, Orient 
Co., Ltd.). The resultant powder was passed through a 
wire mesh (mesh opening size: 850 urn), and the result- 
ant passed product was collected, thus obtaining water- 
absorbing agent (8) according to the present invention. 
The water absorption capacities of water-absorbing 
agent (8) under a load were: 37.0 g/g {1 hour after initi- 
ating the measurement), and 43.5 g/g (4 hours after in- 
itiatingthemeasurement). 

(EXAMPLE20) 

[0085] One hundred parts of basic water-absorbent 
resin (5) as obtained in Example 5 and 37.5 parts of 
acidic water-absorbent resin (1 ) as obtained in Referen- 
tial Example 1 were blended in a kneader with stirring, 
thus obtaining a mixture of both the resins. The mixture 
was dried in a hot blow dryer of 80 °C for 1 hour, and 
further, 0.3 parts of silica particles {Reolosii QS-20, 
Tokuyama Co., Ltd.) were blended with 100 parts of the 
resultant dried product. Thereafter, the resultant mixture 
was pulverized by a desk pulverizer. The resultant pow- 
der was passed through a wire mesh (mesh opening 
size: 850 (xm), and the resultant passed product was col- 
lected, thus obtaining water-absorbing agent (9) accord- 
ing to the present invention. The water absorption ca- 
pacities of water-absorbing agent (9) under a load were: 
36.7 g/g (1 hour after initiating the measurement), and 
42.5g/g(4hoursafterinitiatingthemeasurement). 

(EXAMPLE21) 

[0086] One hundred parts of basic water-absorbent 
resin (5) as obtained in Example 5 and 37.5 parts of 
acidic water-absorbent resin (1) as obtained in Referen- 
tial Example 1 were blended in a kneader with stirring, 
thus obtaining a mixture of both resins. 0.21 parts of sil- 
ica particles was blended with 100 parts of the mixture 
and dried in afluidized-bed dryer (Pulvis Mini-Bed GA22 
type, Yamato Kagaku Co., Ltd.) of 80 °C for 1 5 minutes. 
Thereafter, the resultant dried product was pulverized 
by a desk pulverizer. The resultant powder was passed 
through a wire mesh (mesh opening size: 850 jim), and 
the resultant passed product was collected, thus obtain- 
ing water-absorbing agent (10) according to the present 
invention. The water absorption capacities of water-ab- 
sorbing agent (10) under a load were: 36.5 g/g (1 hour 
after initiating the measurement), and 42.6 g/g (4 hours 



afterinitiatingthemeasurement). 
(EXAMPLE22) 

5 [0087] One hundred parts of basic water-absorbent 
resin (6) as obtained in Example 6 and 53.85 parts of 
acidic water-absorbent resin (1) as obtained in Referen- 
tial Example 1 were blended in a kneader with stirring, 
thus obtaining a mixture of both the resins. The mixture 

io was dried in a hot blow dryer of 80 °C for 1 hour, and 
further, 0.3 parts of silica particles (Reoiosil QS-20, 
Tokuyama Co., Ltd.) were blended with 100 parts of the 
resultant dried product. Thereafter, the resultant mixture 
was pulverized by a desk pulverizer. The resultant pow- 

15 der was passed through a wire mesh (mesh opening 
size: 850 urn), and the resultant passed product was col- 
lected, thus obtaining water-absorbing agent (11) ac- 
cording to the present invention. The water absorption 
capacities of water-absorbing agent (11) under a load 

20 were: 37.4 g/g (1 hour after initiating the measurement), 
and 44.0 g/g (4 hours after initiating the measurement). 

(EXAMPLE23) 

25 [0088] Water-absorbing agent (12), according to the 
present invention, was obtained by use of basic water- 
absorbent resin (7) as obtained in Example 7 in stead 
of 100 parts of basic water-absorbent resin (6) accord- 
ing to the present invention, and by drying, pulverizing 

30 and collecting after blending with acidic water-absorb- 
ent resin (1) in the same way as of Example 22. The 
water absorption capacities of water-absorbing agent 
(12) under a load were: 36.3 g/g (1 hour after initiating 
the measurement), and 42.7 g/g (4 hours after initiating 

35 themeasurement). 

(EXAMPLE24) 

[0089] Forty parts of basic water-absorbent resin (8) 
40 as obtained in Example 8, 60 parts of acidic wafer-ab- 
sorbent resin (1) as obtained in Referential Example 1, 
and 0.3 parts of silica particles were dry blended, thus 
obtaining water-absorbing agent (13) according to the 
present invention. The water absorption capacities of 
45 water-absorbing agent (13) under a load were: 30.2 gf 
g (1 hour after initiating the measurement), and 38.3 g/ 
g(4hoursafterinitiatingthemeasurement). 

(EXAMPLE 25) 

50 

[0090] Forty parts of basic water-absorbent resin (9) 
as obtained in Example 9, 60 parts of acidic water-ab- 
sorbent resin (1) as obtained in Referential Example 1, 
and 0.3 parts of silica particles were dry blended, thus 
55 obtaining water-absorbing agent (14) according to the 
present invention. The water absorption capacities of 
water-absorbing agent (14) under a load were: 31.5 g/ 
g (1 hour after initiating the measurement), and 40.1 g/ 
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g(4hoursafterinitiatingthemeasurement). 
(EXAMPLE26) 

[0091] Forty parts of basic water-absorbent resin (10) 
as obtained in Example 10, 60 parts of acidic water-ab- 
sorbent resin (1) as obtained in Referential Example 1, 
and 0.3 parts of silica particles were dry blended, thus 
obtaining water-absorbing agent (15) according to the 
present invention. The water absorption capacities of 
water-absorbing agent (15) under a load were: 30.7 g/ 
g (1 hour after initiating the measurement), and 39.9 g/ 
g(4hoursafterinitiatingthemeasurement). 

(EXAMPLE27) 

[0092] Forty parts of basic water-absorbent resin (11) 
as obtained in Example 11, 60 parts of acidic water-ab- 
sorbent resin (1) as obtained in Referential Example 1, 
and 0.3 parts of silica particles were dry blended, thus 
obtaining water-absorbing agent (16) according to the 
present invention. The water absorption capacities of 
water-absorbing agent (16) under a load were: 32.1 g/ 
g (1 hour after initiating the measurement), and 41.1 g/ 
g(4hoursafterinitiatingthemeasurement). 

(COMPARATIVEEXAMPLE1) 

[0093] 1 .5 mole % of ethylene glycol diglycidyl ether 
(Denacol EX-810, Nagase Kasei Kogyo Co., Ltd., solid 
content: 100 %) was added into 10 % diluted polyethyl- 
enimine (prepared by diluting Epomin P-1000 made by 
Nippon Shokubai Co., Ltd. with water) and the resultant 
mixture was reacted at 60 °C for 16 hours, thus obtain- 
ing comparative basic water-absorbent resin (1). Lump 
comparative basic water-absorbent resin (1) as ob- 
tained was pulverized with an extruder beforehand, and 
37.4 parts (as solid content) of the resultant powder and 
56.1 parts of acidic water-absorbent resin (1) as ob- 
tained in Referential Example 1 were blended. The re- 
sultant mixture was passed through a meat chopper 
twice, thus obtaining a kneaded product of both resins. 
The kneaded product as obtained was dried in a hot 
blow dryer of 80 °C for 2 hours. The resultant dried prod- 
uct is pulverized by a desk pulverizer. The resultant pow- 
der was passed through a wire mesh (mesh opening 
size: 850 u.m), and the resultant passed product was col- 
lected, thus obtaining comparative water-absorbing 
agent (1). The water absorption capacities of compara- 
tive water-absorbing agent (1) under a load were: 17.5 
g/g (1 hour after initiating the measurement), and 24.9 
g/g(4hoursaftertnitiatingthemeasurernent). 

(EXAMPLE28) 

[0094] An effect of neutralizing smell as to water-ab- 
sorbing agent (1) as obtained in Example 1 according 
to the present invention, was determined by the follow- 



ing method. One gram of water-absorbing agent (1) as 
obtained in Example 1 according to the present inven- 
tion, was added into a 500 cc airtight vessel which con- 
tained 20 g of physiological salt solution (0.9 % sodium 

5 chloride solution) including 1 % ammonia, and the re- 
sultant mixture was gelled. The ammonia amount of the 
head space in the vessel after 1 hour was lowered and 
not higher than 37 % of blank (in case of not adding the 
water-absorbing agent). One gram of water-absorbing 

10 agent (1) as obtained in Example 1 according to the 
present invention, was added into a sealed 500 cc ves- 
sel which contained 20 g of physiological salt solution 
(0.9 % sodium chloride solution) including 1 % acetal- 
dehyde, and the resultant mixture was gelled. The 

15 acetaldehyde amount of the head space in the vessel 
after 1 hour was lowered and not higher than 10 % of 
blank (in case of not adding the water-absorbing agent). 
From these result, it would be understood that the water- 
absorbing agent, according to the present invention, has 

20 aneffectofremovingammoniaandacetaldehyde. 

(EXAMPLE29) 

[0095] First, 3500 parts of N-vinylformamide (availa- 

25 ble from Aldrich) and 1390 parts of pure water were 
blended. The resultant mixture was degassed with ni- 
trogen gas for 60 minutes and then put into an airtight 
vessel possible to open and close, and the displacement 
of the internal air of the reaction system with nitrogen 

30 was continued with the liquid temperature kept at 20 °C 
under the nitrogen atmosphere. Next, 104.8 parts of 10 
weight % aqueous 2,2'-azobis(2-amidinopropane) dihy- 
drochloride solution was added and the solution temper- 
ature was adjusted to 60 °C. Then, a polymerization re- 

35 action got started. The resultant viscous liquid was got 
out and added into methanol in order to precipitate a 
polymer. The polymer was dried in a decompression 
dryer of 40 °C for 2 days, thus obtaining poly( N-vinylfor- 
mamide). 4287.3 parts of 10 weight % aqueous poly(N- 

40 vinylformamide) solution, 3925.3 parts of pure water 
and 362 parts of sodium hydroxide were blended with 
stirring and the solution temperature was adjusted to 75 
°C. 6 N hydrogen chloride solution was added dropwise 
into the solution after 6 hours in order to prepare its hy- 

45 drochloride salt. Thereafter, this solution was added into 
methanol in order to precipitate a polymer. The polymer 
was dried in a decompression dryer of 50 °C for 1 day, 
thus obtaining polyvinylamine hydrochloride. Next, an 
aqueous polyvinylamine solution was obtained by dis- 

50 solving the polyvinylamine hydrochloride in a sodium 
hydroxidesolution. 

[0096] Ethylene glycol diglycidyl ether (Denacol EX- 
810, Nagase Kasei Kogyo Co., Ltd.) as a crosslinking 
agent with a supplying speed of 2.73 g/minute was con- 
55 tinuously supplied to KRC Kneader (volume: 1.2 liter, 
made by Kurimoto Co., Ltd.) equipped with a jacket, with 
supplying 10 % aqueous polyvinylamine solution as ob- 
tained with a supplying speed of 182 g/minute. Then, 



15 



29 



EP 1113037 A2 



30 



the rotational speed of KRC Kneader was 53 rpm and 
the jacket temperature was 80 °C. A crosslinking reac- 
tion of the resultant mixture was forwarded by giving 
shear stress and the resultant crosslinked product was 
pulverized at the same time because of passing through 5 
KRC Kneader. Then, basic water-absorbent resin (12) 
according to the present invention was exhausted con- 
tinuously. Basic water-absorbent resin (12), according 
to the present invention, had an extractabie content of 
0.2 % and a water absorption capacity of 18.0 g/g. 82 10 
weight % of the basic water-absorbent resin particles 
have a particle size of 10 to 1000 pm after drying, and 
the average particle size is 540 pm. The particles of 10 
to 1000 pm in basic water-absorbent resin (12) afterdry- 
ing, according to the present invention, included: 29 % ?5 
of particles of 1000 to 850 pm, 25 % of particles of 850 
to 500 pm, 18 % of particles of 500 to 300 pm, 13 % of 
particles of 300 to 150 pm, and 15 % of particles of 150 
to10 pm. 

20 

(EXAMPLE30) 

[0097] One hundred gram of basic water-absorbent 
resin (12) as obtained in Example 29, according to the 
present invention, was washed in 1 000 parts of pure wa- 25 
ter for 1 day and successively dried in a decompression 
dryer of 40 °C for 2 days. The resultant washed product 
was pulverized by a desk pulverizer, thus obtaining ba- 
sic water-absorbent resin (13), according to the present 
invention, asparticlesofnotmorethan850 pm. -30 

(EXAMPLE31) 

[0098] Eight hundred and eighty-three parts of basic 
water-absorbent resin (12) as obtained in Example 29 35 
and 100 parts of acidic water-absorbent resin (1) as ob- 
tained in Referential Example 1 were blended in a 
kneader with stirring, thus obtaining a mixture of both 
resins. The mixture was dried in a hot blow dryer of 80 
°C for 1 hour, and further, 0.3 parts of silica particles 40 
(Reolosil QS-20, Tokuyama Co., Ltd.) were blended with 
100 parts of the resultant dried product. Thereafter, the 
resultant mixture was pulverized by a desk pulverizer. 
The resultant powder was passed through a wire mesh 
(mesh opening size: 850 pm), and the resultant passed 45 
product was collected, thus obtaining water-absorbing 
agent {1 7) according to the present invention. The water 
absorption capacities of water-absorbing agent (17) un- 
der a load were: 20.7 g/g (1 hour after initiating the 
measurement), and 23.6 g/g (4 hours after initiating the 50 
measurement). 

(EXAMPLE32) 

[0099] Fiftypartsofbasicwater-absorbentresin(13) 55 
as obtained in Example 30 and 50 parts of acidic water- 
absorbent resin (1) as obtained in Referential Example 
1 were dry blended, thus obtaining water-absorbing 



agent (1 8) according to the present invention. The water 
absorption capacities of water-absorbing agent (18) un- 
der a load were: 29.4 g/g (1 hour after initiating the 
measurement), and 37.3 g/g (4 hours after initiating the 
measurement). 

(EXAMPLE33) 

[0100] A mixture of 32.7 g of polyethylenimine 
(Epomin SP-200, made by Nippon Shokubai Co., Ltd., 
100 % in terms of solid resin) and 3.27 g of ethylene 
glycol diglycidyl ether (Denacol EX-810, Nagase Kasei 
KogyoCo., Ltd., solid content: 100 %) as a crosslinking 
agent, and 44 g of acidic water-absorbent resin (1) as 
obtained in Referential Example 1 , were passed through 
KRC Kneader (volume: 1 .2 liter, made by Kurimoto Co., 
Ltd.) which was equipped with a twin rotating shaft at 53 
rpm and a jacket, for 1 minute. Next, 0.23 g of silica par- 
ticles (Reolosil QS-20 QS-20, Tokuyama Co., Ltd.) were 
blended with the resultant passed product, thus obtain- 
ing water-absorbing agent (19) according to the present 
invention. The water absorption capacities of water-ab- 
sorbing agent (1 9) under a load in salt water were: 33.0 
g/g (1 hour after initiating the measurement), and 39.5 
g/g(4hoursafterinitiatingthemeasurement). 
[0101] Various details of the invention may be 
changed without departing from its spirit not its scope. 
Furthermore, the foregoing description of the preferred 
embodiments according to the present invention is pro- 
vided for the purpose of illustration only, and not for the 
purpose of limiting the invention as defined by the ap- 
pendedclaimsandtheirequivalents. 



Claims 

1. A production process for an irregular shape basic 
water-absorbent resin, comprising the step of react- 
ing a basic resin and a crosslinking agent in order 
to obtain the basic water-absorbent resin, with the 
process forwarding a crosslinking reaction and pul- 
verizingtheresuitantproductatthesametime. 

2. A production process for a basic water-absorbent 
resin according to claim 1, further comprising the 
step of exhausting the entirety of the pulverized 
product from a reaction vessel after forwarding the 
crosslinking reaction and the pulverization in the re- 
actionvessel. 

3. A production process for a basic water-absorbent 
resin according to claim 1 , further comprising the 
steps of supplying the basic resin and the crosslink- 
ing agent into a reaction vessel, and exhausting the 
pulverized product from the reaction vessel, with 
carrying out the crosslinking reaction and the pul- 
verizationinthereactionvessel. 
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4. A production process for a basic water-absorbent 
resin according to any one of claims 1 to 3, wherein 
at least 80 weight % of the pulverized product par- 
ticleshaveaparticlesizeof 1 0to1 000 u_rn. 

5 

5. A production process for a water-absorbing agent, 
comprising the step of blending an acidic water-ab- 
sorbent resin with the basic water-absorbent resin 
obtained by the process as recited in any one of 
claims1to4. 10 

6. A production process for a water-absorbing agent, 
comprising the step of obtaining a mixture of an 
acidic water-absorbent resin and the basic water- 
absorbent resin by coexisting with the acidic water- * 5 
absorbent resin when carrying out the crosslinking 
reaction and the pulverization in the process as re- 
citedinanyoneofc/aims 1 to4. 

7. A production process for a basic water-absorbent 20 
resin according to claim 6, wherein the basic resin 

is crosslinked in a concentration of not less than 50 
weight%. 

8. A production process for a water-absorbing agent 25 
according to any one of claims 5 to 7, wherein the 
acidic water-absorbent resin has a water content of 
!essthan20weight%. 

9. An absorbent product, such as a diaper, a sanitary 30 
napkin, an incontinent article, and an odor control 
article, comprising a water-absorbing agent as a 
constituent material, wherein the water-absorbing 
agent is obtained by the process as recited in any 
oneofclaims5to8. 35 
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